Using a stochastic version of the POLYSYS modeling framework, an examination of projected variability in agricultural prices, supply, demand, stocks, and incomes is conducted. Random yield and export shocks are introduced in each of 100 iterations of a ten-year simulation and planted acreage, production, total use, ending stock, stock-to-use, season average price, and net return results are presented for corn, wheat, soybeans, and cotton during the 1998-2006 period. Increased planting flexibility introduced in the 1996 farm bill results in projections of significantly higher planted acreage variability compared to recent historical levels. Ending stocks and stock-to-use ratios are projected to be higher for corn and soybeans and lower for wheat and cotton compared to the 1986-96 period. Significantly higher variability is projected for corn prices, with wheat and soybeans prices also more variable. No significant change in cotton price variability is projected. Compared to the 1986-96 period, net returns are projected to be more variable for corn, wheat, and soybeans, but less variable for cotton.
become even more critical that producers, policy makers, and other agricultural decision makers are cognizant of the sources and magnitude of variability around agricultural yields and exports and on decision making variables such as prices and net returns. Also of considerable interest is whether price and net return variability or less or greater in the South than for the U.S. as a whole.
A number of deterministic, large-scale models of the U.S. agricultural sector have proven to be useful tools for projecting prices and incomes with an "average state" of weather, unchangedinternational institutional structures, and other exogenous conditions.
1 But producers, policy makers, agricultural lenders, agribusinesses, and others are increasingly interested in the range and relative frequencies of prices given the variability associated with yields and exports. Stochastic simulation techniques allow estimation of probability distributions for endogenous variables such as prices and net returns, given probability distributions for uncertain variables in the system. Uncertainty in the agricultural system may be in the form of probability distributions on the random variables, such as yields and exports, or on the disturbance terms for particular equations. Stochastic simulation of such a model results in an estimate of the probability distributions on the endogenous variables and, thus, provides an important dimension to the information base for decision makers.
This added dimension of variability around key indicators of agricultural performance will be especially important for examining agricultural sector impacts of the FAIR Act. This paper represents an initial examination of supply, demand, price, and income variability using a stochastic simulation model of the U.S. agricultural sector, based on the Policy Analysis System (POLYSYS) national simulation model . A ten-year stochastic baseline simulation is performed using the November 1997 FAPRI agriculture baseline. All of the baseline assumptions regarding agricultural policies, domestic and global economic conditions, weather, technological change, and other influences also characterize the stochastic baseline simulation, except that stochastic yield and export shocks are introduced. Examination of the results focuses on crops of primary importance to Southern agriculture, including corn, soybeans, cotton, and wheat. For selected commodities, statistics on variability are presented for harvested acreage, yield, supply, feed use, export use, ending stocks, season average price, and net returns per acre.
The probability distributions associated with the ten-year simulation are compared to the historical variation of crop prices, supplies, demands, and returns to allow an examination of the change in projected variability in agriculture compared to observed variability in recent years.
Methodology
The POLYSYS national agriculture simulation model is anchored to a national baseline of projections for agriculture. Baseline projections for crop acreages, prices, and expenditures are retailored for 305 production regions corresponding to Agricultural Statistic Districts (ASDs).
Changes to the baseline are then introduced exogenously, and the model estimates the impacts of changes to the baseline for regional crop supply, national crop prices and demand, livestock supply and demand, and agricultural income. Endogenous model crops include corn, soybeans, cotton, grain sorghum, barley, oats, wheat, and rice. Seven livestock commodities are also included as a complement to the feed demand component of the crop sector. The calculation of most national variables in POLYSYS is driven by deviations from a baseline and elasticity parameters. POLYSYS incorporates 305 regional linear programming crop supply models and a crop demand and price simultaneous block in the estimation of endogenous crop variables. The regional crop supply models are designed to allocate marginal changes in acreage over the baseline crop acreage within each region, subject to a 15 percent acreage shift constraint in any simulation year. Thus, a POLYSYS simulation yields a dynamic performance path for crop and livestock supply, demand, price, and agricultural income variables.
An implicit assumption characterizing results from deterministic simulation models like POLYSYS is that simulation results differ from the baseline only to the extent that changes are introduced to define a simulation. Thus, deterministic models are generally limited to providing point estimates of endogenous variables. It is possible to use a deterministic model to examine the impacts of changes from the baseline for model variables characterized by high levels of uncertainty. For example, the sensitivity of agricultural variables to baseline export projections has been the subject of several POLYSYS simulation analyses (e.g., Ray, 1996; Ray et al., 1995) . But unless specific changes to the baseline export projections are simulated, the endogenous variables are estimated under the assumption that there is no range of values associated with baseline export projections. While a deterministic model could be used to perform multiple simulations that introduce randomness to desired variables, stochastic techniques provide a statistical framework to perform a series of simulations in an efficient and systematic manner (Taylor, 1994; is '86 FLIPSIM ref A ten-year simulation of the model with random annual export shocks and yield deviations comprises one iteration of the model. The ten-year simulation sequence is repeated 100 times to allow estimation of a probability distribution for endogenous model variables for each of the ten simulation years. Figure 1 illustrates the interaction of variability in exports and yields over the simulation period and across iterations. In the first year of the first iteration, the model draws an export percentage deviation for each crop and applies it to the baseline export value to introduce one realization of a stochastic shock to exports. The model also draws a year and applies the corresponding percentage yield deviations for all eight crops in all 305 regions to introduce one realization of stochastic yields. The stochastic yields directly influence crop supplies, which in turn influence agricultural prices, incomes, stocks, and demands. The random export shocks influence crop demands, which are reflected in total demand and, thus, the determination of crop prices. Thus, the variability of both yields and exports contribute to the determination of agricultural prices.
Effects of the export and yield deviations from the baseline projection are transferred to subsequent simulation years through their initial influence on prices, which are used to form price expectations for future production decisions, and through their influence on crop demands and ending stocks. In the second simulation year, another set of random yield and export deviations is applied to baseline yield and export values, and the simulation is repeated. The same process follows in each of the remaining eight simulation years until a ten-year simulation sequence is completed. This ten-year simulation sequence comprises one iteration of the stochastic model.
One hundred iterations are performed, drawing random export and yield percentage deviations in each of the ten simulation years that comprise one iteration. The resulting stochastic baseline provides 100 estimates of each variable in each simulation year, providing an estimate of the probability distribution for each variable. The stochastic baseline represents a ten-year forecast of supply and demand and income variables, with probability distributions around each endogenous variable.
Results
The simulated summary statistic values for key output variables in POLYSYS -such as planted acres, production, total use, ending stocks, and prices -are summarized in table 1 for crops of major importance to Southeastern agriculture, including corn, wheat, soybeans, and cotton.
Historical means for the 1986-1996 period are also reported. The eleven years of historical data were then detrended and standard deviations from the historical trend are reported in table 1 to avoid over stating the variation in these data. The coefficients of variation for the historical data are reported in table 1 using standard deviations based on deviations from trend. Thus, the first column for each crop in table 1 reports the historical mean, the standard deviation from the trend, and this deviation as a percentage of the historical mean, as a proxy for the coefficient of variation.
The second column reports similar descriptions of the data over the ten-year simulation period, [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] , where the means for each variable are means over all ten simulation years and all 100 ten-year iterations, the standard deviations are the average deviations from the detrended simulation data, and the coefficients of variation are the detrended standard deviations as a percentage of the overall simulation mean. For each crop, the two columns provide one way to compare variable performance in the historical period to variable performance in the simulation period. It should be noted that while these measures provide one method of inter-period comparison (1986-96 compared to 1997-2006) , they remain a comparison of one observed path (among the numerous paths that could have occurred during that time) to 100 potential paths of outcomes for the simulation period.
Planted Acreage
The 1996 farm bill provides farmers with nearly complete flexibility in determining their crop mixes, leading to the expectation that planted acreage after 1996 will be more variable than prior to 1996. Planted corn acreage over the 1997-2006 simulation period is projected to be more than 8 million acres greater than the 1986-96 average (table 1) 
Production
Average annual production for the four crops increases throughout the projection period, largely in response to acreage gains and trend-adjusted mean crop yields (table 1). The coefficient of variation for corn production actually declines from its respective historical measure by 13 percent.
Some portion of this apparent decline in variability for corn may stem from a significantly higher mean level of production reported for the projected years. period.
Total Use
As with production, total use of the four crops is projected to be higher during the simulation period, compared to the historical average. Corn use, in particular, rises 26.1 percent during the simulation period from the historical level of 8.1 billion bushels. This increase in corn use is a direct reflection of the FAPRI baseline, which assumes significant increases in grain exports over the simulation period.
Variability in total use for the projection years is greater than the historical variability for corn and wheat, but lower for soybeans and cotton. Wheat total use shows the greatest increase in variability while soybeans total use shows the greatest decrease in variability. Wheat variability is The probability of experiencing various levels of ending stocks is summarized in table 2.
Averaged over the entire projection period, there is a 38 percent chance that corn ending stocks will be below one billion bushels, a 45 percent chance that stocks will fall between one billion and two billion bushels, and an 18 percent chance that corn stocks will be above two billion bushels.
Table 2 also shows that, averaged over 1998-2006, there is a 42 percent chance that wheat ending stocks will fall below 600 million bushels, a 33 percent chance that soybean ending stocks will fall below 200 million bushels, and a 13 percent chance that cotton ending stocks will fall below three million bales. The probability of achieving very high stock levels averaged over the simulation period is 17 percent for soybeans (stocks over 500 million bushels), 16 percent for cotton (stocks greater than six million bales), and 9.4 percent for wheat (stocks over one billion bushels). In looking at intertemporal changes in ending stocks, the probability of experiencing very low stocks increases considerably over the simulation period for wheat, cotton, and corn, with the probability distribution for soybeans ending stocks remaining relatively constant over time.
Season Average Price
Season average annual prices during the 1997-2006 period are projected to increase over the historical period for all four crops (table 1) . Corn prices are projected to average $2.65 per bushel over the 1997-2006 period with a coefficient of variation of 0.242, indicating that season average corn prices are projected to be 82 percent more variable over the ten-year study horizon than during the historical period. The coefficient of variation for wheat prices over the [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] period indicates that wheat prices will be 40 percent more variable than during the 1986-96 period.
Soybean prices are projected to have 25.8 percent more relative variability than during the historical period. By contrast, cotton prices have the lowest average comparative increase in variability (one percent) during the simulation period versus the 1986-96 period.
Annual summary statistics and probabilities for crop prices are provided in table 3. There is a 10 percent chance that the 1998 corn price will be less than $1.79 per bushel, and a 25 percent chance that the 1998 price will be below $1.96 per bushel. On the other end of the distribution, the 1998 corn price has only a 10 percent chance of exceeding $3.38 per bushel (table 3) .
Generally, the distribution of crop prices within each simulation year is skewed leftward, as indicated by an annual mean price greater than the median price ('50% Probability :' in table 3).
Thus, producers have a higher probability of experiencing prices below the expected value of price and are less likely to experience prices at or above the expected value of price.
Histograms of crop price coefficients of variation averaged over the ten-year simulation period show the probabilities of experiencing alternative levels of price variability during the simulation period, as presented in figure 2 . 4 Comparing the historical period to the simulation period, figure   2 shows that corn price experiences the most dramatic increase in variability during 1997-2006. 
Income Measures
Average net returns (value of production less variable expenses) over the simulation period for all four of the crops are greater than their respective 1986-96 averages (table 1) . Net returns are more variable for wheat, corn, and soybeans, while cotton net returns experience a marked decline in variability. Variability in cotton returns falls by 38 percent during the ten-year simulation period, compared to the eleven-year historical period.
Wheat returns experience the greatest increase in variability, rising 138.8 percent in the simulation from their historical coefficient of 0.183. Variability of corn net returns is about 60 percent higher than the historical coefficient, and the soybeans net returns coefficient is nearly five percent higher than the historical coefficient of variation 0.152.
Historical and projected net returns (value of production less variable expenses) to the eight major crops (corn, grain sorghum, oats, barley, wheat, soybeans, cotton, and rice) are provided in 
Summary and Conclusions
This research used a stochastic version of the POLYSYS national agriculture simulation model to compare the variability of agricultural variables projected for the 1997-2006 period to variability observed prior to 1996. As expected, increased planting flexibility introduced in the 1996 farm bill results in significant increases in planted acreage variability compared to historical levels of variability for major Southern crops. The coefficients of variation for corn, wheat and soybean planted acreage are more than 68% higher over the 1997-2006 period compared to the 1986-1996 period. Variability in cotton planted acreage declines during the simulation period as producers in marginal cotton areas switch to other crops. Increases are experienced in the absolute level of total use for all four crops over the projection years compared to historical levels, while total use variability increases for corn and wheat, but decreases for soybeans and cotton. Average ending stocks decline for corn and wheat while stocks-to-use ratios decline for all crops during the simulation period. Ending stocks and stocks-to-use variability for corn and soybeans are projected to increase over their historical levels while variability for wheat and cotton are projected to decrease over their historical levels.
The levels and variability of supply, demand and stock variables for each crop are reflected in projections of season average prices. Steady increases are projected for all crop prices over the period, with the exception of an early downturn in wheat price followed by recovery and gains.
Comparing the average coefficient of variation for the historical period with that for the simulation period (calculated as deviations from a trend as a percentage of the period expected value), corn prices average 82 percent more variable during the 1997-2006 period than during the historical period. Variability of wheat and soybean prices is 40 and 25.8 percent higher, respectively, than variability observed during the 1986-96 period. In contrast, cotton prices are only one percent more variable during the simulation period. The increases in price variability and production variability are also transmitted to increases in the variability associated with net returns to each crop.
While price variability is clearly projected to increase over the period, it is not possible to use the data presented to determine precisely what portion of increased price variability may be attributed to government program and policy changes instituted in the 1996 farm bill. Average stocks tended to be relatively low at the outset of the 1996 farm bill period and are projected to remain low. Definitive statements regarding price variability since the 1996 farm bill should be tempered with recognition that low stocks are generally manifest in greater price variability, irrespective of policy settings. For example, had corn stocks not been above four billion bushels in 1988 when average corn yield fell from 120 bushels per acre to 85 bushels per acre, a very different corn price path may have been observed during the historical period. Further assessment of price variability attributable to the 1996 farm bill will await times of higher stock-to-use ratios.
Among the crops considered, cotton is most unique to the South and experiences the least variability during the simulation period, with price variability very near recent historical levels and a decrease in variability of net returns compared to the 1986-96 period. In the case of soybeans, another important crop in the South, price variability is not significantly different from the historical period but net return variability is approximately five percent higher than during the historical period. Hence price and net return variability for Midwestern corn and Great Plains wheat may be larger than for Southern cotton. 
